ABSTRACT The shadow economy is an extensive phenomenon worldwide. It poses several questions, the consequences of fluctuations in economic activity being among the major ones. Based on official data, this paper establishes a set of cyclical properties of macroeconomic aggregates and studies how these vary across countries with the size of the unofficial sector. Through comparisons with the existing literature on business cycles in economies featuring underground activities, the obtained 'stylized facts' are used to test the relevance of theoretical predictions on the influence of the shadow economy. Using this procedure allows us to confirm that the evidence is not entirely of the sort suggested in business cycle models. In particular, some important macro aggregates and cyclical properties have been neglected in the analysis altogether, while others have been paid too much attention for no apparent empirical reason. Some possible avenues for future research can be drawn from this exercise.
Introduction
The informal, underground, shadow, irregular or unofficial economy comprises all otherwise value-added creating activities that are unregistered and/or unlicensed. As Fortin et al. (1997, p. 294 ) put it, firms in this type of an economy do not pay taxes such as corporate income taxes and social security contributions; they do not pay registration fees, nor are they subject to state regulations Correspondence Address: Catalina Granda-Carvajal, 341 Mansfield Road, Storrs, CT 06269-1063, USA. Email: catalina.granda_carvajal@uconn.edu 574 C. Granda-Carvajal (including labor and environmental legislation). Moreover, informal sector workers do not pay income taxes on their informal wage income. 1 This is a substantial and increasing phenomenon worldwide, but especially in developing and transition economies. Indeed, Schneider (2005) reports that it represents an average share of 41% of GDP in developing countries, of 38% in transition economies, and of 17% in OECD nations.
The existence of a growing underground economy poses several questions, the consequences on macroeconomic and fiscal performance being among the major ones. Given the difficulty to observe and measure it, the shadow sector may introduce inaccuracies in the evaluation of the economic and social conditions of individuals, households, and countries (Frey & Schneider, 2001) . For example, the system of national income accounting does not include the proceeds of unofficial activities, which may lead to mismeasurement of domestic output. Likewise, if one relies on the official statistics, the unemployment rate may hide an (unknown) number of apparently idle persons actually working and receiving wage income alongside, perhaps, unemployment benefits. Because policy makers conceive and implement economic measures based on essentially biased estimations, macroeconomic and social policies tend to be inappropriate or not well tuned.
A substantial body of literature has documented a wide range of empirical regularities in business cycles across countries. This literature has usually distinguished between developed and developing countries, with studies comparing the patterns observed in the two types of economies (see Rand & Tarp, 2002; and Agénor et al., 2000) , in the understanding that differences in standards of living reflect in the features of fluctuations in economic activity. Regarding the unofficial sector, several methods have been used in an attempt to estimate time series of output and ascertain their co-movements and symmetry with the official economy. While this line of research has focused on the interactions between both sectors, it has been the subject of criticism due to the inherent difficulty of obtaining accurate estimates of the extent of the shadow economy.
The present paper studies how the cyclical properties of macroeconomic aggregates in the official sector vary across countries with the size of the unofficial economy. Through comparisons with the existing literature on business cycles in economies featuring an underground sector, the obtained 'stylized facts' are in turn used to test the successfulness of current theories in predicting the influence of irregular activities on macroeconomic performance. While this exercise may serve to discriminate among alternative approaches, it can also be seen as an empirical basis for formulating new theoretical models accounting for the hidden economy.
The paper is divided into four sections, including this introduction. The second section distinguishes between the empirical and the theoretical contributions addressing the relation between the official and the unofficial sectors from a business cycle perspective, and describes the main strands of literature in this regard. Along with the methodological notes, preliminary comparisons and analysis on the consistency of current models with the empirical patterns found in this study are presented in the third section. Lastly, some general conclusions and further comments are provided, with a reference to possible avenues for future research.
A Review of the Literature
Few studies have tackled the relation between the unofficial and the official sector from a business cycle perspective. Among these studies, there is one empirical approach focusing on the estimation of time series of hidden output. This empirical approach contrasts with business cycle models featuring underground activities. Despite the lack of uniformity in the way these models address the existence of a shadow economy, some common characteristics and tendencies can be identified as follows.
The Unofficial Business Cycle Approach
This approach involves the estimation of time series of underground output using either indirect methods (e.g., currency demand, electricity use) or modeling techniques (e.g. MIMIC). Based on the estimated series, the co-movements between the unrecorded and the measured economy are ascertained, as well as some evidence regarding asymmetry issues.
Among the studies using this approach, Bajada (2003) and Giles (1997) provide evidence of a procyclical relationship between the two sectors in Australia during 1967 -1995 and New Zealand in 1968 -1994 , respectively. In contrast, Russo (2008 shows that the cyclical component of the US GDP is negatively correlated with the cyclical component of the hidden output over the period , suggesting the existence of a 'double business cycle', in which peaks of the official sector coincide with troughs of the unofficial sector and vice versa.
Finally, Giles (1997) finds no indication of significant 'deepness' or 'steepness' in the cycles for either the official or the unofficial sector in New Zealand. 2 Similarly, neither Bajada (2003) nor Eng and Wong (2008) detect signs of asymmetry in the underground business cycles for Australia and Southeast Asia. No asymmetries would mean, in Giles' (1999) view, that fiscal and monetary policy changes that respond to the observed business cycle are likely to have consistent effects on the underground cycle. Nevertheless, Bajada (2003) ascertains using threshold models that the shadow economy is more responsive to negative shocks in legitimate activity than to positive shocks, and so the hidden sector deepens economic downturns and increases the volatility of the overall business cycle (i.e. the composite of both the formal and the informal cycles) in the Australian economy.
This line of research has been the subject of some criticism due to the empirical relevance of estimates of the underground economy -see, for instance, Tanzi (1999) and Thomas (1999) . In addition, it does not cast too much light on the 576 C. Granda-Carvajal behavior of fiscal variables over the business cycle. 3 These criticisms point out the need for an alternative empirical approach to examine the implications of the shadow economy on macroeconomic fluctuations.
Business Cycle Models with an Unofficial Sector
Although these models generally involve two sectors, their differences have given rise to three strands of literature. The first strand shares some features in common with the household production literature (Benhabib et al., 1991; McGrattan et al., 1997) , but considers commodities produced in both sectors as perfect substitutes. In this regard, Conesa et al. (2001 Conesa et al. ( , 2002 ) develop a real business cycle (RBC) model with an underground sector and indivisible official labor in order to address the negative relationship between the market participation rate and the standard deviation of GDP. In these models, workers can only take part in one of the production sectors. This set-up allows for workers to switch sectors in response to aggregate productivity shocks. The models are calibrated to the US economy, providing a better account of its business cycle facts and predicting that the level of participation in registered activities, as an expression of the size of the unofficial economy, has a negative effect on the degree of fluctuation of investment and recorded output.
Within the same theoretical approach, there is an alternative tack based on the arguable finding that business cycles in the formal and informal sector are negatively correlated. Busato and Chiarini (2004) devise an economy with one good and two technologies where, unlike the previous models, the decision to work in the official or the unofficial sector is not mutually excludable. The model is calibrated to the Italian economy, and the simulations show a reallocation of labor and production between the official and the underground sectors taking place over the business cycle. According to the authors, this inter-sectoral reallocation can resolve some heretofore unsatisfactory results concerning the labor market in the RBC literature such as the employment variability puzzle. 4 Moreover, such resource reallocation underlies the claim that the underground sector allows for consumption and income smoothing by providing insurance or risk sharing opportunities.
In contrast to the previous approach, the following two strands of literature focus on developing countries. Despite the common focus, these strands exhibit discrepancies as to whether or not to characterize labor markets as dual. Thus, while one approach adopts a dualistic view in which the labor market is composed of a formal tradable sector and an informal non-tradable sector, the other approach takes a stand on search models and reflects a nuanced view of labor market adjustment.
As regards the dual labor market models, Fiess et al. (2010) conceive a small open economy macroeconomic model with heterogeneous entrepreneurial ability wherein informality is a self-employment sector facing liquidity constraints to entry and the formal sector may be affected by wage rigidities. This framework allows them to derive various patterns of co-movement of relative earnings, sector sizes and the real exchange rate as a response to the interaction of different types of shocks with diverse institutional contexts. The authors test the model predictions empirically using time series data from Argentina, Brazil, Colombia and Mexico. Among other findings, they confirm expansionary episodes driven by relative demand or productivity shocks to the non-tradable sector that suggest a 'procyclical' behavior of informal employment.
The third strand of literature deals with search and matching models. There are, in this regard, two recent studies attempting to disentangle the flows in and out of unemployment in economies with sizeable unregulated sectors. The first study analyzes the cyclical properties of worker flows in Brazil and Mexico. Among other findings, Bosch and Maloney (2008) report both the unemployment (employment) rate and the share of formal (informal) employment are strongly countercyclical (procyclical) in these countries. In contrast to the evidence for the US, they further encounter that separations from both formal and informal jobs are countercyclical and very volatile. Notwithstanding, the authors find largely procyclical flows among employment states, including transitions between the formal and the informal sector, which seem to be analogous to those reported for the US. In their concept, these findings provide a view of labor market adjustment in LDCs across the business cycle that has elements of the conventional notion of informality expanding during downturns, but without a connotation of overall inferiority of the unofficial economy.
Based on the findings reported in the previous paper, Bosch and Esteban-Pretel (2009) build a search and matching labor market model in which firms have the choice of hiring workers legally or illegally, allowing for substitution between formal and informal contracts within similar job types. The authors calibrate the model to match some facts of the Brazilian economy and conduct some simulations. The model does a good job at reproducing the observed correlations mentioned above, yet a different parameterization is needed to generate sufficient volatility. Furthermore, the simulations show the existence of two reinforcing effects: a meeting effect, whereby positive productivity shocks foster vacancy creation, and an offer effect, by which firms expand formal contracting to take advantage of the increase in productivity. Hence, more job creation and less job destruction explain the countercyclicality of the unemployment rate.
It can be inferred from these streams of literature that there is a strong concern for understanding the performance of consumption and investment expenditures over the business cycle, as well as the behavior of the labor market. Yet some important variables and cyclical properties are neglected in the analysis altogether, such as the volatility of unemployment and the cyclicality of the labor income share as a whole. Moreover, an overwhelming silence regarding the cyclical behavior of fiscal variables is observed. This is a serious shortcoming since most of the described models depart from definitions of informality that highlight lack of compliance with tax laws, and hence it is expected that these yield 578 C. Granda-Carvajal inferences on fiscal grounds along with predictions on the cyclical properties of labor market variables.
In addition to this criticism, it is worth noting that none of the described models features monetary variables, and so nothing can be inferred from them as to the relation between the shadow economy and monetary policy and/or the pattern of inflation. Then, it can be inferred that the relation between underground activities and macroeconomic fluctuations, although somewhat addressed, has not been comprehensively examined so as to provide relevant insight into the nature of this sector and its overall influence on business cycles. The comparisons suggested in the following section shed further light on this issue.
Towards Testing Theories…
In an attempt to examine the appropriateness of the mentioned business cycle models, this section takes account of a set of characteristics of macroeconomic fluctuations that can be used for comparisons with the statements and predictions described above. While the exercise conducted here is very preliminary, it shall be deemed as an endeavor in the pursuit of establishing a set of business cycle properties in economies with an important component of unrecorded activities. Moreover, it shall be seen as a test for the relevance of the existing models of the business cycle featuring shadow activities and to identify how these models can be improved to better account for such activities.
In the Quest for some Stylized Facts
The approach proposed in this paper encompasses the estimation of moments (i.e. standard deviations and correlations) of official macroeconomic variables for a number of developed and developing countries. Once the moments are obtained for each country, correlations between each moment and the size of the shadow economy are computed on a cross-country basis. Further, an indication of the significance of each correlation is obtained in the form of probability values. 5 Since the sampled countries differ in the importance of their underground sectors, point estimates shall be taken to account for the size of the shadow economy. In this regard, Schneider (2005) presents econometric estimations covering periods of approximately three to five years using the dynamic multiple input multiple indicator (DYMIMIC) approach for 110 countries. I use averages of these estimations for 17 developing countries and 23 OECD countries, including two East European transition economies.
As for the estimated moments, these are based on annual data on national accounts and fiscal and labor market variables obtained through the online databases of World Development Indicators, International Financial Statistics, International Labor Organization, OECD Factbook 2008 and International Economic Database. For further details on the data sources, refer to Appendix A in the working paper version of the present article (Granda-Carvajal, 2010) .
Unless the variable is a share, each series is transformed into logarithms. These are detrended using the Hodrick-Prescott filter. Once the permanent and transitory component of each series are separated, the moments are computed on the transitory ones. It must be noted that, because the moments' estimators require the time series involved to have the same length, the time span considered for each series in each country corresponds to the length of the shortest series available. The estimated moments are shown on Appendix B in the working paper.
This approach of quantifying 'stylized facts' of business cycles follows those of Backus and Kehoe (1992) and Fiorito and Kollintzas (1994) for highly industrialized countries, and of Agénor et al. (2000) and Rand and Tarp (2002) for developing economies. Furthermore, it goes beyond these studies by attempting to relate the obtained moments to the size of the unofficial sector. More extended estimations could be of help in the conduct of cross-country studies implementing other statistical methods (see, for instance, Ferreira-Tiryaki, 2008) .
Since this paper focuses on testing existing theories rather than suggesting explanatory features, it shall be noted that the correlations presented below do not allow for controls or instruments. Nonetheless, some robustness checks are conducted by estimating cross-correlations of the size of the unofficial economy and each moment for the subsample of OECD countries.
Preliminary Results and Some Analysis
The following tables display the main results of the exercise suggested above. These tables present the correlation of each moment with the size of the unofficial sector, the probability value of this correlation as an indicator of its significance, an average estimate of each moment and the number of countries used for the computations (i.e. those countries for which available relevant data were found). Because the moments estimated for one single variable comprise the observations in one sample, all of the observations and samples are shown on Appendix B in the working paper.
Regarding the co-movements over the business cycle, it shall be borne in mind that the results discussed below are based on unconditional correlations. The degree of co-movement of each series with real output is measured by the correlation coefficient of the cyclical deviations of the variable in question with those of GDP. A coefficient close to one indicates that a series is highly procyclical, whereas a coefficient close to one but of the opposite sign indicates that a series is countercyclical. A coefficient close to zero means that a series does not vary contemporaneously with the cycle in any systematic way, in which case the series is said to be acyclical.
Volatility of expenditure components
Except for output, for which the standard deviation is presented as is, significantly positive correlation between the size of the shadow economy and the volatility of GDP and its components can be inferred from this table, meaning that countries with a sizeable unofficial sector exhibit higher variability in output, consumption and investment. This finding confirms the predictions of the household production-related literature associating a large underground sector with higher fluctuations of registered output, consumption and investment over the business cycle. However, these results seem to be less robust for OECD countries, apparently the main focus of that line of analysis, as Table 1(b) shows that only the correlation involving the standard deviation of consumption is significant for that subsample. Even so, the findings also confirm those of Ferreira-Tiryaki (2008) , who uses a Generalized Method of Moments approach to demonstrate that the size of the informal sector is not only statistically significant, but also economically relevant in determining business cycle volatility. Table 2 shows that the correlation of (the cyclical component of) government purchases with GDP is not significantly correlated with the size of the shadow economy. This result holds true for the entire sample of countries (Table 2(a)) and for highly industrialized economies (Table 2(b)). In contrast, the cyclicality of the inflation tax is significantly correlated with the extent of the unofficial sector for both samples. Overall, these findings cast doubts about the pertinence of Eng and Wong's (2008) suggestion that the underground sector may explain the procyclicality of fiscal policy in developing countries. On the one hand, government purchases are either acyclical or fairly procyclical regardless of the cross-country distribution of the size of shadow activities (Table A5 in Granda-Carvajal, 2010, Appendix B) . Moreover, there is no consensus in the literature as to the cyclical properties of public expenditures in LDCs. While Rand and Tarp (2002) find a robust positive relationship between public consumption and domestic output in developing economies, with magnitudes in line with those observed in OECD nations, Agénor
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The Unofficial Economy and the Business Cycle 581 et al. (2000) provide evidence of countercyclical variation of government expenditures. As regards the industrialized world, some authors agree on the absence of a systematic cyclical tendency (Backus & Kehoe, 1992) . However, on the other hand, the results pertaining to inflation suggest that economies with a small unofficial sector tend to exhibit inflation tax rates that are more positively correlated with GDP. This finding is consistent with the literature on the procyclicality of fiscal policy as it highlights that, in industrial economies, inflation increases during expansions and falls during recessions, and that the opposite is true for the developing world as a whole (see Talvi & Végh, 2005) . Furthermore, the average moments are in line with the facts reported in the business cycles literature, which suggest little evidence of procyclical inflation rates in developing countries (Agénor et al., 2000; Rand & Tarp, 2002) . There is, consequently, no unambiguous confirmation of a pro-or countercyclical pattern in fiscal policy.
Lastly, it is worth noting that none of the models described in the previous section alludes to the cyclical properties of the inflation tax rate, and thus no comparisons can be made in this regard. Based on the above findings, one could infer, at most, that countries with extended underground activities exhibit not only higher inflation rates, but also these are more negatively correlated with GDP over the business cycle.
Labor market
Moving on to labor market performance, the results in Table 3 (a) point out that informal activities are related with the volatility of the labor's share of income. Indeed, the variability of the labor income share and the underground economy are fairly positively correlated at a 5% significance level. This implies that the fraction of (official) GDP earned by regular workers is more volatile in countries with sizeable unregulated sectors. This suggests that people in these countries divert into unofficial activities as a buffer against fluctuations in wage Source: Own calculations based on several sources (see Granda-Carvajal, 2010 , Appendix A).
income. 6 Although this argument is stated in several papers dealing with the business cycle implications of the shadow economy, especially in the double business cycle literature, no model has considered any cyclical pattern of the labor's share of income at all. The volatilities of wages and productivity are uncorrelated with the size of the informal economy. Indeed, the estimated correlations are close to zero and nonsignificant. These findings are consistent with the search and matching literature, which allows for too large a variation in real wages relative to the data (see Shimer, 2005) . However, it shall be recalled in this regard that search-theoretic overpredictions of the real wage are a result of the setup of the model rather than a consequence of introducing an informal sector in such a framework.
As for labor input properly speaking, the cyclical variability of employment and total hours is uncorrelated with the extent of unofficial activities. An actual negative correlation between the relative standard deviation of these two variables and the size of informality implies that countries with a large shadow economy tend to exhibit fewer fluctuations in employment and hours worked. Though sensible, especially in view of a possible complementarity relationship between the formal and the informal sectors, the estimations are not significant at all. In 6 Another possible explanation deals with mismeasurement of the labor income share brought about by the existence of unrecorded activities. In an attempt to rationalize cross-country disparities in the functional distribution of income, Gollin (2002) claims that the common practice of using employee compensation as a measure of labor income explicitly omits the labor income of the self-employed and other entrepreneurs. Given that almost no self-employed people are legally incorporated and that small enterprises and self-employment account for huge fractions of the workforce, particularly in developing countries, it is to be understood that the employee compensation measure fails to include the earnings of informal workers. As a consequence, the usual calculation of labor shares -i.e. employee compensation as a fraction of GDP -systematically understates labor's share of income in poor countries relative to rich countries. Although Gollin's claim relies on a methodology for measuring the labor income share that is essentially different from mine, one could argue that both approaches are complementary (in that, for instance, measures of total hours worked and real wages used in the present study are based on official sources that unintentionally miscount informal activities). Hence, the unofficial sector might rationalize not only variations in the level of the labor's share of income across countries, but variations in cross-country volatilities as well. this sense, the results do not confirm Busato and Chiarini's (2004) predictions of a meaningful relation between underground activities and the volatilities of employment and hours.
Regarding the co-movements, the estimated coefficients highlight a significant relation between the size of the underground economy and the correlations of unemployment, employment, hours and real wages with GDP. That unemployment correlation with output is positively and significantly correlated with the extent of shadow activities implies that this variable is more countercyclical the smaller is the unofficial sector. The existence of such a significant relation is consistent with the search-theoretic literature's explanation of the countercyclicality of the unemployment rate, which rests on the fact that job separations of informal workers increase dramatically in recessions. As papers in this strand of literature focus their analysis on Brazil and Mexico, two middle-income developing countries not covered in the present study, and given that unemployment co-moves negatively with output in all of the sampled economies (see Granda-Carvajal, 2010, Appendix B) , the rationalization of the cyclicality of the unemployment rate provided by these search and matching models raises the question of whether it can be applied to both developed economies and LDCs at the same time.
That the co-movements of employment and hours with output and the magnitude of shadow activities are negatively correlated implies the labor input behaves more procyclically the smaller is the unofficial economy. These results to some extent challenge the argument of the double business cycle literature that opportunities for intratemporal substitution between the legitimate and the illegitimate sectors can explain the puzzling strict procyclicality of employment and total hours (see Busato & Chiarini, 2004) . It seems, nonetheless, that the explanation for the cyclical behavior of productivity lies in the multi-sector framework underpinning models in this strand of literature rather than on the particular features of underground activities. In fact, Table 3(b) shows that the co-movements of labor productivity with GDP are not significantly correlated with the extent of the unrecorded economy.
Other variables
For the sake of brevity, the cyclical properties of monetary policy and international trade variables are not examined here. It goes without saying, however, that the models described in the previous section do not take these features into account, and hence nothing can be inferred from them as to the relation between the shadow economy and the associated macroeconomic aggregates. Future business cycle models will definitively have to address this issue.
Further Comments and Conclusions
The present paper has summarized some properties of macroeconomic data in a heterogeneous sample of countries and compared these properties with predictions and inferences taken from business cycle models accounting for underground activities. One goal of such a preliminary exercise has been to ascertain a set of stylized facts of the business cycle that, unlike studies focusing exclusively on industrialized or developing economies, takes account of the increasing pervasiveness of the unofficial economy. The other objective has been to examine the appropriateness of the mentioned models and to identify how the resulting empirical regularities can be used as a guide for future theoretical developments.
Regarding the first goal, this paper provides a set of features of macroeconomic fluctuations that is, in turn, accompanied by inferences on its possible relation with the extent of the shadow economy. This heuristic procedure is of further help as to the second objective, in that its use allows us to confirm that unofficial activities actually exert an influence on the cyclical properties of a number of macroeconomic aggregates. 7 Yet the evidence found is not entirely of the sort suggested in the theoretical business cycle literature. In particular, one could argue that business cycle models with an underground sector have paid too much attention to variables that turn out to be uncorrelated with the size of the shadow economy, like the co-movements of productivity; and have completely neglected variables and patterns that are indeed significantly affected by the existence of irregular activities such as the volatility of the labor income share and the cyclicality of the inflation tax rate.
Of special notice in this regard is the claim that the underground economy explains the procyclicality of fiscal policy in developing countries (see Eng & Wong, 2008) . While there is no agreement on the behavior of fiscal variables over the business cycle, that government consumption is procyclical has been recognized as a widespread phenomenon even in the industrialized world (Rand & Tarp, 2002; Talvi & Végh, 2005) . In such a sense, the uncorrelatedness between the magnitude of unofficial activities and the co-movement of public purchases does not lend much credence to the mentioned conjecture. At most, one could say that the existence of a shadow sector not only rationalizes both the reduced tax base and the high inflation rates typical in LDCs, but might also offer an explanation for their high volatility.
Provided that the claim on the procyclicality of fiscal policy has not turned into a theoretical approach, it can be said that business cycle models with an underground sector either ignore the existence of a government or assume its role in the economy as exogenous, and thereby remain silent on the cyclical behavior of fiscal variables. 8 This is a serious shortcoming so long as the described papers depart from definitions of informality that highlight lack of compliance with tax and labor regulations. Then, it would be expected that these papers yield inferences on fiscal grounds alongside predictions pertaining to the labor market. Future models on the topic will have to address this issue by, for instance, endogenizing fiscal policy.
Moreover, the very fact that transactions in the underground economy are typically undertaken in the form of cash payments stands as a possible avenue for future theoretical developments. This striking feature is especially noticeable in developing countries, where unofficial firms do not make use of the financial sector and thus lack access to (formal) credit markets. Even though this particular feature is widely known, very few studies have addressed it in a business cycle context from a theoretical perspective. One can then infer that much more needs to be done in order to obtain a thorough understanding of how shadow economic activities affect the cyclical properties of macroeconomic aggregates. Certainly, this paper has suggested some paths that could and should be followed in this pursuit.
